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Abstract 
Worldwide Interoperability for Microwave Access (WiMAX) defines different data delivery services that can be used 
in order to satisfy Quality of Service (QoS) requirements such as flexibility and efficiency. In this paper a new 
distributed Master-Slave model was introduced to compare the Performance between the centralized and distributed 
Network models in order to support QoS in fixed WiMAX with respect to throughput, delay and application response 
time parameters, to enhance the services that are provided to the end users. The design has been evaluated using the 
simulation tool OPNET modeler 16.0. The results obtained from the two models shows significant increase in the 
network throughput and drastic decrease in network delay and application response time. The results in scenario1 of 
two models shows the throughput increases from 50,000bit/sec to 100,000bit/sec, delay decrease from 0.0060/sec to 
0.0040/sec and application response time decrease from 0.80/sec to 0.58 which greatly enhances the QoS 
performance. 
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1. Introduction 
The broadband wireless access technology named WiMAX, according to 802.16 standards (IEEE Std. 
802.16, 2009). According to WiMAX Solutions (2005) WiMAX provides large coverage and high 
throughput, theoretically reaching a coverage radius around 50 km and has a throughput of 75 Mb/s. In 
reality, it is observed that WiMAX provides, for the distance of 9400 m, a downlink throughput around 
10.7 Mb/s and 8.3 Mb/s for UDP and TCP traffics, respectively. With the same distance, in uplink 
direction it offers 9.7 Mb/s and 9.2 Mb/s for UDP and TCP (Zarrar et al., 2009) respectively. BS provides 
connectivity towards the SSs which in turn could be connected in Point-to-Multipoint (PMP) or even in a 
mesh topology. In PMP mode, data are exchanged between BS and SSs in a broadcast manner; BS 
centrally coordinates all data traffic, establishing each SS an individual uplink channel because of its data 
and transmission requests (Wiley, 2006).  
WiMAX deploys multicarrier transmission based on Orthogonal Frequency Division Multiplexing 
(OFDM) and multiple-access using the Orthogonal Frequency Division Multiple-Access (OFDMA). 
OFDM mitigates noise, multipath, and interference effects, which are the primary challenges of wireless 
communication. OFDMA is very flexible in allocating assets which are very crucial for wireless systems 
(IEEE 802.16e Task Group). Based on (Chakraborty & Bhattacharyya, 2011). the 2005 WiMAX revision 
provided bit rates as much as 40 Mbit/s using the 2011 update as much as 1 Gbit/s for fixed BSs.  
    In this paper, we have designed two models based on Centralized and new distributed Master-Slave 
using OPNET modeler 16.0 simulations tools. These models will improve the QoS performance over 
fixed WiMAX with respect to throughput, delay and application response time in order to enhance the 
services that are provided to the end users. The Nearest Neighborhood Algorithms were used in selecting 
the nearest master and slave BSs. OFDM technique was used for Network transmissions. Ultimately, 
additional of master BSs enhances the performance of QoS. However, the Network is distributed in such 
a way that the master BSs provides network information from a central server and sends to the nearest 
slave BSs. This distribution strategy greatly improved the system’s performance over the Centralized 
model which used to distribute network information from a central server to WiMAX BSs and SSs. 
This paper is organized as follows: a detailed background to the study is given in Section 2. The 
proposed Master-Slave model is presented in Section 3. Section 4 is the simulation setup and result 
analysis of the model, while Section 5 presents the conclusion and the future work. 
2. Background Study 
In this section we discuss in details the following: QoS, Fixed WiMAX QoS parameters, WiMAX, 
OFDM, and Optimized Network Engineering Tool Modeler 16.0. 
2.1. Fixed WiMAX QoS Parameters 
According to Xiaodong and Georgious (2005) the fixed QoS parameters include throughput, delay and 
application response time. 
2.1.1. Throughput 
The throughput is usually measured in bits per second (bit/s or bps), and sometimes in data packets per 
second or data packets per time slot. It also measures the amount of user demands that are addressed with 
the machine (Xiaodong & Georgious, 2005). The throughput can be calculated using the following 
formula (Haidar  & Farah, 2011). 
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where Packet Size is the size of served data in frame n between the start time, tn, of frame n and the start 
time, tn+1, of the next frame n + 1. 
2.1.2. Delay 
The delay of a network specifies how long it takes for a bit of data to travel across the network from 
one node or endpoint to another. There is a certain minimum level of delay that will be experienced due 
to the time it takes to transmit a packet serially through a link due to network congestion. The delay can 
be calculated using the following formula (Haidar  & Farah, 2011): 
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where DeliveryTime is the time packet from a frame was delivered, ArrivalTime is the time packet arrived 
at destination and RecievedPaket is the number of packet successfully arrived in frame n between the start 
time tn, of frame n and the start time tn+1, of the next frame n+1 
2.1.3 Application Response Time  
This is the most important QoS parameter from the user’s perspective. It is the time between the 
moments a request is sent by a user to the time that the response is provided to the user (Xiaodong & 
Georgious, 2005). Application Response Time can be calculated using the following formula (Haider et 
al.,2010): 
Tthinkr
nART                                                                                                          (3) 
 where n is the number of concurrent users, r is the number requests per second the server receives and  
Tthink is the average think time (in seconds). 
2.2.   Orthogonal Frequency Division Multiplexing  
OFDM emerged as one of the promising methods of data transmission over wireless channels. It has 
the ability to manage less amount of bandwidth needed for data transmission by producing compressing 
multiple modulated carriers (Yekanlu &  Joshi, 2009).  
2.3.   Optimized Network Engineering Tool Modeler 16.0  
OPNET Modeler is a highly sophisticated simulation software package that enables developers to 
model communication networks and distributed systems, and allows them (the developers) to analyze the 
behavior and performance of modelled systems through discrete event simulations (DES). This software 
is one of the most popular, accurate and reliable simulation tools applicable in the field of networking 
(OPNET Modeler). 
3. Proposed Master-Slave Model 
The purpose of this paper is to design a new Master-Slave model to improve the QoS performance over 
fixed WiMAX based on the following QoS parameters (throughput, delay and application response time), 
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using OFDM techniques and Nearest Neighborhood Algorithms for Master-Slave selections. The 
selection of master BSs takes place in the MAC layer of the central server using Nearest Neighborhood 
Algorithm; nearest BSs with Network information will be selected to provide network information to the 
slave BSs. Figure 1 shows the Algorithm 1describes the process of Master BSs selection from the BSs. 
 
Algorithm_1: Selection of Master Base Station 
 
Figure 1.  Selection of Master Base Station  
3.1. Master-Slave Communication 
Figure 2 below shows the communication between the Master and Slave BSs for getting network 
information. A master BS will advertize existence information by sending signals to Slave BSs; then a 
slave BS will send a network information request to the Master BS which will in turn send an 
Authentication Request to the Slave BS for verification. Subsequently, the Slave BS will send an 
authentication reply to the Master BS. The Master BS will process the authentication reply in order to 
verify the Slave BS. If the Slave BS is verified to be authentic, it will be provided with the network 
information using algorithm 2 below. 
 
 
 
 
 
 
Figure 2: Master-Slave communication 
 
Figure 3 shows the Algorithm 2 also describes the process of master-Slave Communication. 
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Algorithm 2: Master–Slave Base Station Communication 
 
Figure 3. The process of master-Slave Communication 
4. Simulation Setup & Results 
In this Section, two models are simulated based on the centralized and the new distributed Master-
Slave over Fixed WiMAX Network using OPNET Modeler 16.0. The centralized model comprises three 
(3) BSs and thirty (30) SSs without Master-Slave BS, while the new distributed Master-Slave model 
includes Master-Slave BSs selected using algorithm1 (Nearest Neighborhood Algorithms). Each of the 
two (2) simulation runs for the two models are increased by the same number of BS and SSs from one 
scenario to the next as depicted in Figures 2(a) and 2(b), and Figures 3(a) and 3(b) using point-to-
multipoint connection with multicast transmission based on OFDM. A detailed explanation of the 
simulated network models together with configured traffic that was developed for evaluating the QoS 
performance over fixed WiMAX Network is given below.  
The basic parameters associated with WiMAX configuration attributes, Application Configuration, 
Application Profile, Task Definition, BSs configuration and SSs for the two models are configured.  
Table 1 shows the simulation setup parameters used in the scenario by including additional BS, SS, and 
the number of master BS and simulation time. 
Table1: Simulation Setup Parameters 
 
 
 
 
 
 
 
4.1. Scenarios for Centralized WiMAX Model  
  In this scenario, three WiMAX BSs were developed with thirty SSs (ten subscriber’s stations around 
each BS) as shows in Figure 4(a). All the BSs are connected to the IP backbone (Internet) using point- to- 
point protocol (ppp), without any master-slave BS. Basic parameters associated with WiMAX 
Configuration attributes, Application Configuration, Application Profile, Task Definition, BS 
configuration and SS for the model are configured.  Scenario 2 shows the developed Centralized model 
S/ No Scenarios No. of BSs No. of 
SSs 
No. of Master BSs Simulation 
Time 
Centralized New model 
1 1 3 30 0 1 1 hour 
2 2 5 50 0 2 1 hour 
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with five WiMAX BSs and fifty SS, ten SSs around one BS without master BS. All other parameters 
remained as configured in scenario_1, as shown in Figures 4(b) below. 
 
 
 
Figure 4: (a) Fixed WiMAX Design for Centralized Model (Scenario_1)                                             
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Figure4: (b) Fixed WiMAX Design for Centralized Model (Scenario_2) 
4.2. Scenarios for New Model Master-Slave  
In scenario_1 of the new model, three WiMAX BSs were developed with thirty subscribers’ stations, 
ten subscriber’s stations around each BS as shown in Figure 5 (a). All the BSs are connected to the IP 
backbone (Internet) using point- to- point protocol (ppp), with BS A as master BS selected by the design 
algorithm and the remaining are slaves. Basic parameters associated with WiMAX Configuration 
attributes, Application Configuration, Application Profile, Task Definition, BS configuration and SS for 
the model are also configured.  In scenario_2, five WiMAX BSs were developed with fifty SSs, ten SSs 
around each BS with BS A and D as masters selected by the design algorithm and the remaining are 
slaves as shown in Figure 5(b). All other parameters are as configured in scenario_1. 
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Figure 5: (a) Fixed WiMAX Design for New Master-Slave Model (Scenario_1) 
                                                               
 
Figure 5: (b) Fixed WiMAX Design for New Master-Slave Model (Scenario_2) 
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4.3. Results & Analysis 
4.3.1. Fixed WiMAX Application Response Time, Delay and Throughput for Centralized model Results 
 
Figure 6(a) and 6(b) show the results obtained in scenario_1 and scenario_2 respectively of the 
simulation of the Centralized model. 
 
 
Figure 6: (a) Fixed WiMAX Application Response Time Delay &Throughput for Centralized model (scenario_1 
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,          Figure 6: (b) Fixed WiMAX Application Response Time Delay &Throughput for Centralized model (scenario_2) 
 
4.3.2 Fixed WiMAX Application Response Time, Delay and Throughput for New Distributed Master-
Slave Model Result  
 
Figure 7(a) and 7(b) show the results obtained in scenario_1 and scenario_2 respectively of the simulation 
of the new distributed master-slave model 
.  
Figure 7: (a) Fixed WiMAX Application Response Time, Delay &Throughput for distributed Master-Slave Model (scenario_1)        
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Figure 7: (b) Fixed WiMAX Application Response Time, Delay &Throughput for distributed Master-Slave Model (scenario_2) 
4.4. Analysis of the Result 
      If we compare the result obtained from the two models, the centralized and the new distributed 
master-slave, there is a significant result as shown in Figures 6(a), 6(b), 7(a) and 7(b). The results show 
an increase in the network throughput and drastic decrease in network delay and application response 
time with the increasing number of BSs and introduction of additional master BSs of the new model 
which greatly enhance the performance of Quality of service. Using equation (1), (2) and (3), it is 
observed that, in scenario 1 the throughput increases from 50,000bit/sec to 100,000bit/sec and in scenario 
2 the throughput increase from 100,000bit/sec to 150,000bit/sec. The delay decrease from 0.0060/sec to 
0.0040/sec in scenario 1 and decrease from 0.0040/sec to 0.0020/sec in scenario 2. Finally the application 
response time decrease from 0.80/sec to 0.58 in scenario 1 and 0.58 to 0.40 in scenario 2. 
5. Conclusions 
In this paper, two network models are designed based on the centralized and the new distributed 
Master-Slave. They are compared using OPNET modeler 16.0 as a simulation tool.  The new distributed 
model showed improvement on the method of point-to-point and point-to-multipoint system of delivering 
network information from a central server to WiMAX BSs and SSs. In this new model some of the BSs 
are assigned as masters and at the same time receive and sent network information to the nearest BS using 
a design Algorithm (Nearest Neighborhood Algorithms). Furthermore, this Model will help the Internet 
Service providers (ISPs) in terms of data delivery by not operating from one central server but many 
Master BSs. This design will reduce the cost of infrastructure development. The result shows a significant 
increase in the network throughput and drastic decrease in network delay and application response time, 
which enhances the QoS performance.  
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